Abstract Severe root rot was observed in fields of cabbages (Brassica oleracea L.) in 2015 in China. Cardinal symptoms of this disease included root rot and wilting leaves. A fungus was isolated from diseased tissues consistently. Based on the morphological features and molecular analysis of the ITS-5.8S rDNA and D1/D2 domain of the 28S rRNA gene, it was identified as Plectosphaerella cucumerina. This is the first report of P. cucumerina causing cabbage root rot in China and the world.
Cabbage, Brassica oleracea L., belonging to the Brassicaceae family, is one of the most economically important vegetable crops in the world. China is the country with rich species of Brassicaceae all over the world and with a history of more than 500 years for cabbage cultivation. The world' s total production of cabbage and other cruciferous vegetables was 70.1 million tons in 2012. China is the largest country in cabbage production, with 32.8 million tons produced, which is 47% of the world's output [1] . Furthermore, cabbages have medicinal value in traditional Chinese medicine. It can improve glucose metabolism and prevent cancer. The cabbages are well known in Korea and China for their great nutritional value and medicinal applications. Several fungi have been known as pathogens of cabbages worldwide. These include Alternaria leaf spot (Alternaria alternata, A. brassicae, and A. brassicicola) [2] , anthracnose (Colletotrichum capsici) [3] , Fusarium wilt (Fusarium oxysporum) [2, 4] and so on. However, cabbage root rot was also an important infection limiting factor of the productivity of the plants. It would be worth taking notice of the pathogen causing cabbage root rot.
In October 2015, root rot symptoms were observed on cabbage plants in commercial fields in Lanzhou City (103   o   40' E, 36   o 03' N), Gansu Province, China. The disease incidence on cabbage plants varied from 30% to 55% in those fields, with 40% to 60% yield loss. The infected cabbages initially showed leaf blade wilting in the afternoon every day (Fig. 1A) . And it would be normal in the morning and evening. As the disease progressed, leaf stalks and roots of the infected plants were rotten, and the whole plants died (Fig. 1B) .
Diseased leaf stalks and roots were collected from the infected cabbages in several fields. The typical samples were cut into 2-3 mm pieces and disinfested in 1% sodium hypochlorite (NaOCl) for 2 min, then rinsed with sterilized sterile water for 3 times and placed on potato dextrose agar (PDA) after drying. All the Peri dishes were incubated at 25 o C for a 12 hr light-dark cycle for 5 days. To obtain the pure culture, each colony was purified by using a single-spore technique and transferred to a fresh PDA with the following incubation at 25 o C. Specimens of cabbages were deposited in the Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences for future reference. A total of 20 isolates were obtained from the diseased samples, and all the colonies were morphologically the same. One isolate (GL11101616) was selected for further morphological and molecular identification. Colonies on PDA at 25 o C for 10 days were buff to salmon pink, slimy, aerial mycelium sparse, 7.5 cm in diameter (Fig. 1C) . Aerial mycelium was sparse, hyaline, septate, branched, and sometimes forming hyphal coils (Fig. 1D ). Conidia were hyaline, smooth, thin-walled, elliptical to ovoid, monospore, 0-1 septate, guttulate, measured 3.8-9.1 × 2.5-4.5 µm ( cells were monophialidic, hyaline, solitary, straight or crooked and 1-septate occasionally, measuring 9.9-36.9 × 1.4-3.5 µm (Fig. 1E ). Chlamydospores were absent. Based on morphological and culture characteristics, the fungus was identified as Plectosphaerella cucumerina (Lindf.) W. Gams [5] (anamorph: Plectosporium tabacinum (J. F. H. Beyma) M. E. Palm, W. Gams & Nirenberg) [6] .
To determine pathogenicity, isolate GL11101616 was used to inoculate healthy cabbages (cv. Zhonggan No. 21). The conidia suspension was prepared from 7-day-old cultures grown in potato dextrose broth on a shaker (120 rpm) at 25 o C. Briefly, 20 cabbage seeds were pre-germinated on a piece of moistened filter paper in Petri dishes for 3 days and then inoculated by soaking cabbage embryonic roots (approximately 5 mm) into conidial suspensions (1 × 10 6 conidia/mL) for 10 min. Meanwhile, another embryonic roots of healthy cabbage seedlings were similarly dipped into sterilized water served as controls. All treated seedlings were planted in 5.0 cm diameter plastic pots containing pasteurized soil matrix. Then the plants were placed in a greenhouse at 15 o C (night)/25 o C (day) with natural daylight conditions. Ten days after inoculation, brown lesions appeared on roots in all inoculated cabbages, and finally, the plants wilted. Some cotyledons and roots of cabbages decayed and vanished ( Fig. 1G and 1H ). The disease incidence in inoculated plants was 100%. No symptoms were observed on the control plants (Fig. 1I) . P. cucumerina was successfully re-isolated from inoculated cabbages and was identical with the original isolates GL11101616. Thus, Koch's postulates were accomplished and it showed that P. cucumerina was the causal agent of the disease. The experiment was repeated twice and the results were similar.
To confirm the identification based on morphological characteristics, genomic DNA was extracted from fungal mycelium using the plant Genomic DNA Kit (Isolate Plant DNA Minikit, Tiangen, China). The internal transcribed spacer (ITS)-5.8S rDNA and D1/D2 domain of the 28S rRNA gene were amplified using primers ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3')/ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') [7] and NL-1 (5'-GCA TAT CAA TAA GCG GAG GAA AAG-3')/NL-4 (5'-GGT CCG TGT TTC AAG ACG G-3') [8] , respectively. The PCR procedure for amplification of the ITS-5.8S rDNA region was referenced to White et al. [7] . For the D1/D2 domain of the 28S rRNA gene, PCR was performed with thermocycling profile as Atkins et al. 's [9] . PCR products were sequenced at Biomad in Beijing, China (BigDye Terminator Ready Reaction Mix v3.1; Applied Biosystems, Foster City, CA, USA). The resulting sequences were blasted in the GenBank database of National Center for Biotechnology Information (NCBI, http://www.ncbi. nlm.nih.gov/BLAST/). The obtained two sequences and downloaded relevant sequences of Plectosphaerella sp. were edited and aligned using MEGA ver. 5.1 software package [10] . Phylogenetic analysis based on ITS-5.8S rDNA and D1/D2 domain of the 28S rRNA gene sequences were conducted using the neighbour-joining method with a bootstrap of 1,000 replicates [11] . The sequence of Verticillium dahliae was used as an out-group. BLAST analysis confirmed the identity of the fungus, showing 100% similarity to the ITS-5.8S rDNA sequence of P. cucumerina (KT699136), and 100% identity with the D1/D2 domain of the 28S rRNA sequence of P. cucumerina (JQ999955). The sequences of ITS-5.8S rDNA (562 bp) and D1/D2 domain of the 28S rRNA genes (608 bp) of the isolate GL11101616 have been submitted to NCBI database (GenBank accession Nos. KT596812 and KT596813, respectively). Phylogenetic inference based on the ITS gene region can make a good distinction between P. cucumerina among the other Plectosphaerella spp. [12] . In the phylogenetic tree, the representative isolate was highly clustered within a clade comprising reference isolates (Fig. 2) .
P. cucumerina is a very common fungus on decayed plant material or in the soil [13] . P. cucumerina has been reported on many crops, such as potato, tomato, muskmelon, tobacco, soybean, pepper, and other important economic crops [13] . However, the pathogenicity of the fungus is rarely realized in agricultural production in many countries. In Korea, it was only reported as the pathogen of the wild arrowhead (Sagittaria trifolia L.) in 2004 [14] . In China, P. cucumerina was first reported on tomato in 2014 [15] . And then it was reported as a pathogen of sunflower [16] and alfalfa [17] in 2015. What's more, this is first observed that P. cucumerina as a pathogen of cruciferous vegetables. In fact, the host range of P. cucumerina should be accomplished in most species of cruciferous vegetables. The reason is that cabbages and other Brassicas are often routinely cultivated in neighboring fields in China. This practice may become one potential reason for the spread of P. cucumerina. Our results emphasize the importance of this disease management because of cabbages' economic value. To the best of our knowledge, this is the first report of P. cucumerina causing root rot on cabbage in China and the world.
